Two strains of psychrotolerant bacteria, designated M7
similarity (99.9 and 99.2 % respectively) with respect to the type strains of Shewanella livingstonensis and Shewanella frigidimarina. However the levels of gyrB sequence similarity between strain M7
T and the type strains of S. livingstonensis and S. frigidimarina were 87.6 and 87.4 %, respectively. DNA-DNA hybridization experiments performed between the Antarctic isolate M7 T and S. livingstonensis LMG 19866 T and S. frigidimarina LMG 19475 T revealed levels of relatedness of 32 and 35 %, respectively. Strain M5 showed 100 % DNA relatedness with respect to strain M7 T . The DNA G+C content of these bacteria was 42 mol%. Several phenotypic characteristics, the cellular fatty acid compositions and the quinone content of strains M7 T and M5 served to differentiate them from related shewanellae. On the basis of the data from this polyphasic taxonomic study, M7 T and M5 constitute a single genospecies. They represent a novel species of the genus Shewanella, for which the name Shewanella vesiculosa sp. nov. is proposed. The type strain is M7 T (5LMG 24424 T 5CECT 7339 T ).
The genus Shewanella was first described by MacDonell & Colwell (1985) . The definition was based almost entirely on rRNA structure and included only the description 'straight or curved rods, Gram-negative, non-pigmented, motile by polar flagella, chemo-organotrophic, oxidase-positive, generally associated with aquatic or marine habitats. G+C mol% 44-47'. Although the taxonomy of this group has been developed in the last decade, Shewanella putrefaciens has been studied since its first description as Achromobacter putrefaciens by Derby & Hammer (1931) , because of its special importance in the areas of applied and environmental microbiology.
Currently, more than 40 species are assigned to the genus Shewanella on the basis of genetic and phenotypic analyses (http://www.bacterio.cict.fr/s/shewanella.html). The shewanellae constitute a diverse group of facultatively anaerobic bacteria. Their ability to utilize a variety of final electron acceptors in the absence of oxygen and their capacity to grow at low temperatures and various salt concentrations and barometric pressures allow them to survive in extreme environments, such as those of Antarctica (Bowman et al., 1997; Bozal et al., 2002) . Because of their potential uses in bioremediation and energy-generating biocatalysis, shewanellae are being studied intensively, not only taxonomically, but also in terms of genomics, ecology and biotechnology (Venkateswaran et al., 1999; Hau & Gralnick, 2007) .
During the characterization of psychrotolerant organisms isolated from Antarctica, strains M7 T and M5 were recovered from marine sediments collected at Deception Island (South Shetland Islands). Sample aliquots were removed with a platinum loop and were diluted in Ringer solution (Oxoid). Marine agar (Difco) and tryptic soy agar
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains M7
T and M5 are AM980877 and AM980878, respectively, and those for the gyrB gene sequences of strains M7 T and S. livingstonensis NF22 T are EU702750 and EU702751, respectively.
Transmission electron micrographs of ultrathin sections of cells of strain M7 T and details of the cellular fatty acid compositions for strains M7 (TSA; Oxoid) plates were inoculated with loopfuls of several sample dilutions by using the streak-plate method to obtain isolated colonies. Plates were incubated for 7 days at 15 u C. Growth was observed on both media. Isolates were maintained aerobically on TSA slopes at 4 u C and also at 280 u C on cryo-beads (AES Laboratoire).
The morphology, size and shape of cells grown on TSA at 15 u C were determined by means of negative staining (uranyl acetate at 2 %, w/v) and transmission electron microscopy (JEOL 1010) of ultrathin sections after freeze fixation and freeze-substitution (Nevot et al., 2006) . Motility was investigated by means of phase-contrast microscopy. Oxidase, catalase and urease activities, nitrate reduction and hydrolysis of casein, lecithin, gelatin, DNA, starch and Tween 80 were determined according to Barrow & Feltham (1993) . Utilization of carbohydrates, enzyme production and additional characteristics were determined by using API 50 CH, API ZYM and API 20NE strips (bioMérieux). NaCl tolerance was measured on nutrient agar (Cultimed) containing 0-10 % (w/v) NaCl; plates were incubated at 15 u C for 14 days. The temperature range for growth was determined on TSA incubated for 14 days at temperatures from 24 to 37 u C. The pH range for growth was established in tryptic soy broth (TSB; Difco) at pH 4.0-10.0 (using increments of 0.5 pH units) at 15 u C for 10 days. Anaerobic growth tests were performed in a modified YP liquid medium prepared according to Toffin et al. (2004) . Trimethylamine N-oxide (10 mM) and sodium nitrate (3 mM) were tested as electron acceptors, with 10 mM lactate as the electron donor and carbon source. Anaerobic conditions were generated in anaerobic chambers (Oxoid) with AnaeroGen (Oxoid) and an anaerobic indicator (Oxoid) and plates were incubated at 15 u C for 10 days. Before storage at 15 u C, anaerobic jars were kept overnight at 24 u C to ensure that anoxic conditions had developed before strain growth could occur. Growth on the plates was compared with growth on control plates containing the same medium but without an organic carbon substrate.
The Antarctic bacterial isolates M7 T and M5 comprised Gram-negative, rod-shaped, non-spore-forming cells. On TSA incubated at 15 u C for 2 days, colonies were circular, smooth, convex, slightly mucous and 1-2 mm in diameter. After 1 week, colonies became more mucous and brownish-coloured. On marine agar, colonies were similar but orange in colour. Diffusible pigments and bioluminescence were not observed. Transmission electron microscopy of ultrathin sections of cells of strain M7
T showed that large numbers of outer-membrane vesicles were released (see Supplementary Fig. S1 , available in IJSEM Online). Cells were motile by means of single polar flagella. Neither isolate required Na + for growth. The strains were chemoorganotrophic and capable of respiratory and fermentative metabolism. Both strains were positive for cytochrome oxidase and catalase. They reduced nitrate to nitrite, and nitrogen gas was not formed from nitrite. M7
T and M5 were able to grow anaerobically by reducing trimethylamine N-oxide or sodium nitrate while using DL-lactate as the electron donor.
The results of the morphological and phenotypic investigations are given in the species description and in Table 1 . Phenotypic studies showed that the isolates displayed characteristics consistent with those for the genus Shewanella, but strain M7
T differed significantly from related species (Shewanella livingstonensis, S. frigidimarina, S. hafniensis, S. putrefaciens, S. gaetbuli and S. morhuae) in terms of several phenotypic properties, such us temperature requirements, NaCl requirements, enzyme activities and metabolism of certain sugars.
Cellular fatty acid and isoprenoid quinone compositions were determined for cell mass grown on TSB agar (30 g TSB, 15 g agar; Oxoid) for 4 days at 20 u C, as described previously (Bozal et al., 2002) . The most abundant fatty acids were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 25.41 % in strain M7 T ), iso-C 13 : 0 (13.20 %), iso-C 15 : 0 (9.70 %), C 16 : 0 (9.73 %), C 17 : 1 v8c (7.84 %) and C 15 : 0 (5.73 %) (see Supplementary Table S1 ). The isolates had cellular fatty acid profiles that were similar to those of phylogenetically closely related type strains of S. livingstonensis and S. frigidimarina; however, strains M7
T and M5 had lower levels of monounsaturated fatty acids and increased levels of terminally branched saturated fatty acids and, unlike S. frigidimarina, strain M7
T did not produce eicosapentaenoic acid (C 20 : 5 v3) (Nichols et al., 1994; Bowman et al., 1997; Venkateswaran et al., 1999; Bozal et al., 2002) . Strains M7 T and M5 contained ubiquinones (Q-7, Q-8) and menaquinones (MK-7 and MMK-7) that are commonly found in Shewanella species (Bozal et al., 2002; Bowman, 2005) .
Total DNA for complete 16S rRNA gene sequence analysis was prepared according to the protocol of Niemann et al. (1997) . A total of 1495 nt from the 16S rRNA gene were sequenced, as described previously by Bozal et al. (2002) . A phylogenetic analysis was performed using the software package BioNumerics (Applied Maths). Distance analysis and clustering was done using the neighbour-joining method (Saitou & Nei, 1987) . For strain M7 T and S. livingstonensis LMG 19866 T , the gyrB gene was PCRamplified with universal primer sets, as described by Yamamoto & Harayama (1995) , and subsequently sequenced. The identity of a given PCR product was verified by means of bidirectional sequencing analysis. Multiple alignment, distance matrix analysis and phylogenetic analysis of gyrB sequences obtained in this study and others available in the public databases were performed using MEGA, version 4.0 (Tamura et al., 2007) . A phylogenetic tree was constructed using the neighbourjoining method (with Kimura's two-parameter model and the pairwise deletion option) and its topological robustness was evaluated by means of a bootstrap analysis of 1000 replicates. For DNA-DNA hybridizations and determination of G+C content, total DNA was prepared according to a modification of the procedure of Wilson (1987) . The G+C content was determined by using the HPLC technique, as described by Mesbah et al. (1989) . DNA-DNA hybridizations were performed at 47 u C according to a modification (Goris et al., 1998; Cleenwerck et al., 2002) of the method described by Ezaki et al. (1989) . The 16S rRNA gene phylogenetic studies confirmed that the Antarctic isolates (strains M7
T and M5) were members of the genus Shewanella. The highest levels of 16S rRNA gene sequence similarity were found with S. livingstonensis LMG 19866 T (99.9 %) and S. frigidimarina ACAM 591 T (99.2 %); lower levels of similarity (97.0-97.5 %) occurred with strains of other Shewanella species with validly published names (Fig. 1) . Strain M5 showed 100.0 % 16S rRNA gene sequence similarity with respect to M7 T , indicating that these strains probably belong to the same species. On the basis of gyrB gene sequences, the nearest neighbours of strain M7
T were again the type strains of S. livingstonensis and S. frigidimarina (Fig. 2) , but with sequence similarities of 87.6 and 87.4 %, respectively. These similarity values are lower than the 90 % species cut-off value proposed for Shewanella by Venkateswaran et al. (1999) , and the gyrB sequence of strain M7
T formed a monophyletic branch in the tree shown in Fig. 2 T within the genus Shewanella (Wayne et al., 1987) . Strain M5 showed 100 % DNA relatedness with respect to M7
T and it can be concluded that M5 and M7
T belong to the same genospecies. Their DNA G+C content (42 mol%) lies Table 1 . Differential characteristics for strains M7
T and M5 and their closest phylogenetic neighbours Strains/species: 1, M7 T (strain M5 showed identical results with the exception that it did not grow with 7 % NaCl); 2, S. livingstonensis (data from Bozal et al., 2002) ; 3, S. frigidimarina (Bowman et al., 1997) ; 4, S. hafniensis (Satomi et al., 2006) ; 5, S. putrefaciens (Venkateswaran et al., 1999) ; 6, S. gaetbuli (Yoon et al., 2004) ; 7, S. morhuae (Satomi et al., 2006) . All species are Gram-negative rods that are motile by means of single polar flagella and all are positive for growth at 4 u C at 3 % NaCl and for catalase and oxidase activities. +, Positive; 2, negative; ND, no data available; V2, 11-89 % of strains negative, type strain negative. 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), iso-C 13 : 0 , iso-C 15 : 0 , C 16 : 0 , C 17 : 1 v8c and C 15 : 0 . The quinone composition of the type strain is Q-7 (50.5 %), Q-8 (25.3 %), MK-7 (14.4 %) and MMK-7 (9.8 %). The DNA G+C content of the type strain is 42 mol%.
The type strain, M7 T (5LMG 24424 T 5CECT 7339 T ), was isolated from marine sediments collected from Deception Island (South Shetland Islands, Antarctica).
